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 Several articles have showed the effect of ALP toxicity on 

different organs. Toxicity mechanisms are not clearly 

understood yet. Due to the potential increased use of ALP as a 

fumigant and the lack of adequate toxicity data, previous 

studies were re-evaluated to characterize the epidemiological, 

toxicological, and clinical/ pathological aspects of ALP 

poisoning and its management. Related terms were looked up 

in bibliographical databases such as the Tehran University 

Medical Science Digital Library, PubMed, Scopus, Google 

Scholar, and British library. The studies suggest that phosphine 

targets the mitochondria and inhibits respiration in rat liver 

mitochondria, insect mitochondria, and intact nematodes. On 

the other hand, glutathione (GSH) levels are reduced in various 

tissues of ALP-poisoned rats, while remaining unchanged in 

insects and mammalian cells. Also, acetylcholine signaling is 

an important component of phosphine toxicity. Phosphine 

(PH3) induces oxidative stress and lipid peroxidation in insects, 

mammalian cells, and other animals. There is no known 

antidote for ALP intoxication; but, melatonin as an effective 

antidote protects against oxidative damage in the brain, lung, 

and liver of the rats and suggests the involvement of ROS in 

the genotoxicity of PH3. Cholinesterase inhibition responds to 

treatment with atropine, pralidoxime, and oral sweet almond 

oil, especially if used immediately after ALP poisoning. 

Several treatments have been used in animals some of which 

have not been tested in human-beings yet. Such treatments 

should be given in controlled situations with the hope they may 

be helpful in treating these patients. 
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1. Introduction:
 *

 

Providing food has always been a 

challenge to human; the only major 

cornerstone in this challenge is the 

competition with pests (1). Different kinds 

of pests including animals and insects are 

the major problem in agriculture, hygiene, 

and industry (2). It is difficult to quantify 

the exact cost of damage caused by the 

pests. The most effective way for 

controlling pest damage depends on the 

situation and temperament of the people 

involved (3). Nonchemical ways are 

attractive because they neither leave 

chemical residues in the commodity nor do 

they cause resistance in pests (1). 

Fumigation plays a key role in control and 

management of infestation stored 

commodities worldwide (4-7).  

Aluminum phosphide (ALP) (also known 

as rice tablet in Iran) is the most 

commonly used solid fumigant in our 

country (8-10) which protects stored grains 

(4, 10-13). Its application is rapidly 

increasing due to its wide availability, high 

efficacy against different pests, lack of 

persistence, low cost, and safe 

decomposition products that are 

considered to be environmentally safe (12, 

14-16). On the other hand, it is proved that 

ALP is toxic to both human beings and 

animals (14, 16-21). The toxicity is due to 

phosphine (hydrogen phosphide, 

phosphorus trihydride or PH3) gas released 

instantly in the presence of moisture 

leading to multisystem involvement and 

serious consequences (8, 12, 17-19, 21-

30). 

Aluminum phosphide is available as 

tablets, pellets, granules or dust and 

contains phosphide in combination with 

other material such as ammonium 

carbonate. It may be synthesized as dark 

gray or dark yellow crystals, as well (8, 

                                                           
Corresponding author: Mehrpour O, MD. Medical 

Toxicology and Drug Abuse Research Center 

(MTDRC), Birjand University of Medical Sciences, 

Birjand, Iran 

E-mail: omid.mehrpour@yahoo.com.au  

31-33). The brand names of ALP include 

Celphos, Alphos, Quickphos, Phosfume, 

Phostoxin, Gastoxin, Detia, Rotox, 

Fumitoxin, Talunex, Degesch, Synfume, 

Chemfume, Phostek, and Delicia (8, 34, 

35). Due to the presence of substituted 

phosphines and diphosphines and on 

contact to the air, phosphine gas has a foul 

odor like decaying fish or garlic but is 

naturally colorless (8, 36, 37). 

ALP may cause acute poisoning by either 

direct ingestion of the salts or indirect 

inhalation of the phosphine generated 

during its application (36). These days, 

ALP poisoning is common due to suicidal 

attempts in the agricultural societies such 

as Iran and Northern India (37). ALP is 

now easily available to commit suicide 

(38, 39). Unfortunately, it is quickly 

becoming a commonly used agent for 

suicide in Iran (8, 29, 40-45). The 

retrospective 5 and 10-year studies of 

acute poisoning cases at the department of 

India medical science shows a total of 279 

and 623 cases of acute poisoning, of 

which, 37 (13.2%) and 138 (31%) were 

due to ALP poisoning (27).  In-vitro and 

in-vivo studies have proved that its toxic 

effects are basically because of inhibition 

of cytochrome oxidase, the terminal 

enzyme of mitochondrial electron transport 

chain causing the generation of superoxide 

radicals and cellular peroxides and 

consecutive cellular injury by lipid 

peroxidation and other oxidant 

mechanisms (8, 23, 46-49). Aluminum 

phosphide insecticide and rodenticide is 

highly toxic to pests penetrating treated 

material and burrowing rodents (11, 50, 

51). Studies conducted in the years as early 

as 1829 have reported the toxicity of 

phosphine in both humans and animals 

(14, 16-19, 21, 23-25, 50). Acute, 

subchronic, developmental, and 

cytogenetic studies have recently been 

indicated that the primary risk of exposure 

to phosphine is lethality (50, 52-56). 

Phosphine gas is also used in the synthesis 

of organophosphates and as a dopant in 

semiconductor production (50). 

Interestingly, as a result of its indoor 
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application, its use is not expected to have 

any implications on animal species (57). 

Effective antidote are lacking 

for this fumigant as one of the most toxic 

pesticides in the world. Also it 

causes many deaths in developing 

countries (58-60). We evaluated the effect 

of ALP on animals with the concept that it 

may help finding substituted treatment 

modalities for ALP poisoning in human 

cases. 

We looked up the terms aluminum 

phosphide, phosphine, phostoxin, rice 

tablet, ALP , PH3, rat, rabbit, and animal 

in bibliographical databases such as the 

Tehran university of medical science 

(TUMS) digital library, Pubmed central, 

Scopus, Google Scholar, and British 

library. This review includes relevant 

articles published between 1962 and 2014. 

 

2. Mechanism of Action: 

The exact mechanisms of phosphine action 

remains unclear to date (61). However, 

some studies on different animals showed 

that PH3 induced lipid peroxidation and 

deoxyribonucleic acid (DNA) oxidation 

both in vitro and in vivo (62-64). 

Phosphine is a mitochondrial toxin that 

inhibits cellular respiration and induces 

oxidative stress in insects and mammalian 

cells (65, 66). In addition, a preliminary 

study proves that ALP poisoning can cause 

inhibit cholinesterase (67). On the other 

hand, the fumigant phosphine can disrupt 

mitochondrial function in the nematodes, 

insects, and animals such as rats at 

toxicologically concentrations (10, 68, 69).  

Nath et al showed that acetylcholine 

signaling is an important component of 

phosphine toxicity (10). A reduction in the 

activity of glutathione reductase was also 

observed in the study performed by Raina 

and Gill, while, no change was seen in the 

activity of glutathione peroxidase 

following aluminum phosphide 

administration (14). Also, an increase in 

chromosomal aberrations (CAs) and 

micronucleus (MN) assay rates as well as 

alterations in total antioxidant capacity 

(TAC) and total oxidative status (TOS) 

levels are seen due to ALP poisoning (70). 

Even more, it has been shown that 

genotoxicity and cytotoxicity are 

associated with oxidative stress because of 

increased reactive oxygen species (ROS) 

level (71). 

The role of glutathione (GSH) in 

phosphine-induced oxidative toxicity is 

controversial. GSH levels in several tested 

tissues were reduced in aluminum 

phosphide-poisoned rats and humans, 

while the levels remained unchanged in 

insects and mammalian cells (65). Also, 

some studies demonstrated the inhibition 

of cytochrome oxidase (14, 16, 23, 70);  

catalase (14, 65, 72) and peroxidase (14, 

65) while stimulating the production of 

hydrogen peroxide and increasing 

superoxide dismutase (SOD) and 

malondialdehyde (MDA) (65, 73). 

 

3. Toxicokinetics: 

Death is the main danger of phosphine 

exposures (6). Also, phosphine toxicity has 

seriously increased by repeated treatments 

using a sub-lethal dose of the fumigant 

(72, 74). Similarities have been indicated 

between phosphine toxicity and iron 

overload. It has been shown that phosphine 

could trigger iron release from storage 

proteins, increase lipid peroxidation and 

lead to cell injury and/or cell death (61). 

Some surveys demonstrated the role of 

GSH in modulating the PH3-induced 

oxidative damage in rat lung, kidney, and 

heart tissue evident by a significant 

increase in lipid peroxidation (16, 65). 

Also, some studies showed that PH3 

induced lipid peroxidation and DNA 

oxidation in rat brain both in vitro and in-

vivo(14, 69). Studies show that phostoxin 

treatment causes a decrease in Na
+
- K

+
 

adenosine triphosphatase (ATPase) 

activities in liver, kidney, and cardiac 

tissues as well as Ca
++

- and Mg
++ 

ATPase 

activities in liver (75). However, Dua and 

colleagues proved a reduction of glucose-6 

phosphate dehydrogenaseactivity in their 

study (20). 

 



Shakeri  S et al                                                                     Aluminum Phosphide Poisoning in Animals  

 

84                                International Journal of Medical Toxicology and Forensic Medicine. 2015;5(1) 

4. Environmental Effects on Fumigation 

Success:  

For successful eradication of the pests, 

fumigation should be done as soon as 

possible and simultaneously in each 

specific region (2). There are several 

factors to consider including burrow 

temperature, humidity, length and 

configuration, soil porosity, wind speed 

and direction and specific behavioral 

characteristics of the different species (76). 

Field trials suggest that the successful use 

of phostoxin tablets depends on a 

sufficient concentration of gas reaching the 

pest and soil moisture. Therefore, it may 

not be effective in the dry summer months 

(77-80). Choosing certain periods of the 

year (midsummer to late autumn) with 

careful application is a very important 

factor to increase the efficacy (78-81). The 

colony must be fairly-air tight, as well 

(15). Beerwinkle and Devaney suggested 

environmental temperatures above 15°C 

and relative humidity above 50% for 

complete decomposition of phosphine 

pellets (12). Interestingly, Nayak and 

Collins showed that at any concentration 

of phosphine, a combination of higher 

temperature and lower humidity made the 

fumigation period shorter (82). 

 

5. Using ALP as an Insecticide: 

Efficacy of ALP as a pesticide for killing 

animals like rats, rabbits, moles (83), mice, 

dogs, and squirrels has been proved in 

several studies. Human beings use this 

fumigant as an insecticide in grain-stored 

products because of its toxic effects on 

virtually all stages of insects commonly 

found in stored feeds (58). Among 

different insecticides, ALP is the most 

effective and the best results were given by 

using it to kill insect pests like Red Palm 

Weevil, Rhynchophorus Ferrugineus L 

(84-86), live-wood tea termites (15), and 

wood-destroying insects, L. Africanus(4). 

Hessian Fly (Diptera: Cecidomyiidae) (80) 

and Australian feral bees-Apismellifera 

 

 

Table1: New treatment strategies for ALP poisoning in animals 

Authors Type of 

study 

New treatment effects conclusion 

Moghadamnia 

et al, 2000 

Experimental 

(rats) 

Na selenite 3 

mg/kg 

Improved 

pathological findings 

in lung and liver of 

the rats but no effect 

on survival rate 

Na selenite improves 

pathological findings in lung and 

liver of the rats but no effect on 

survival rate 

*NAC  50 and 

100 mg/kg 

Decreased liver 

complications and 

increased survival rate 

Immediately use NAC and 

vitamin C after ALP poisoning 

to increase the survival rate 

vitamin C 500-

1000 mg/kg 

Increased survival 

rate 

Immediately use NAC and 

vitamin C after ALP poisoning 

to increase the survival rate 

Magnesium 

sulfate 3 mg/kg 

No effect on survival 

rate 

Magnesium sulfate did not 

improve the survival time and 

more studies need to examine 

pathological findings 

Hsu et al, 

2000  

Experimental 

(rats) 

Melatonin 

(10/kg), vitamin 

C (30 mg/kg), 

and beta-

PH3-induced changes 

were significantly or 

completely blocked 

by melatonin while 

melatonin protects against 

oxidative damage in the brain, 

lung and liver of rats and 

suggests the involvement of 
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carotene 

(6mg/kg)  

 

vitamin C and beta-

carotene were less 

effective or inactive. 

 

reactive oxygen species in the 

genotoxicity of PH3 

Lallet al, 

2000 

Experimental 

(rats) 

Methylene blue 

(MB) (0.1%, 1 

mg/kg/5min, IV) 

MB caused a 

significant fall in 

MDA and 

methemoglobin 

(MeHb) levels with 

increase in survival 

rate 

MB acts as an exogenous 

electron carrier and accelerates 

NADPH- dependent 

methemoglobin reductase 

activity. 

Azad et al, 

2001  

Experimental 

(rats) 

NAC infusion 

(6.25 mg/kg/min  

IV for 30 

minutes)  

Significantly 

increased survival 

time, stabilization of 

blood pressure and 

heart rate, decreased 

MDA**level and 

increased GSH Px*** 

levels  

NAC increased the survival time 

by reducing myocardial 

oxidative injury 

 

 

****L- NAME 

infusion (1 

mg/kg/min iv for 

60 min) 

Significant rise in 

blood pressure but 

precipitated ECG 

abnormalities. Pre- 

and post-treatment of 

L-NAME neither 

improved the survival 

time nor the 

biochemical 

parameters  

L-NAME showed no protective 

effects in rats exposed to ALP 

 

Shivani M 

et al, 

2001 

 

Experimental 

(rats) 

Atropine(1 mg 

kg-1, intra 

peritoneal) + 

pralidoxime (5 

mg kg-1, intra 

peritoneal) 

administered five 

minutes after 

ALP exposure 

Increase survival 

time. Plasma 

cholinesterase levels 

were inhibited in rats 

poisoned with ALP as 

compared to controls  

 

Atropine and pralidoxime can 

increase survival time 

 

Hsu et al, 

2002  

 

Experimental 

(rats) 

melatonin (10 

mg/kg I.P., 30 

minutes before 

PH3 

The antioxidant 

melatonin effectively 

prevents the damage 

caused by ALP 

 

Melatonin is a potent scavenger 

of free radicals and stimulates 

other antioxidant activity. 

Additionally, it readily 

penetrates biological barriers and 

gains access to every subcellular 

compartment 
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Melatonin (1.0 or 

2.0 mM)  

Increased survival 

time 

 

Melatonin reversed the toxic 

effect of ALP, probably because 

of its free radical scavenging 

ability and antioxidant activity. 

Saidi H et al, 

2011 

Experimental 

(rats) 

hyperbaric 

oxygen  

improved the survival 

time  

 

Hyperbaric oxygen may improve 

the survival time of the 

intoxicated rats with ALP, but it 

may not decrease the mortality 

rate. It may also be effective in 

humans 

Baeeriet al, 

2013 

Experimental 

(rats) 

25
Mg

+2
 -carrying 

nanoparticle + 

Na bicarbonate 

(4 mmol/kg,i.v) 

 

Increased BP and HR, 

increased antioxidant 

power, Mg level in 

the  plasma and the 

heart; reduced lipid 

peroxidation and 

ADP, ATP ratio 

25
MgPMC16 at 0.25 LD50 + Na 

bicarbonate was the most 

effective combination. 

Saidi and 

Shojaie, 2012 

Experimental 

(rats) 

Intragastric 

irrigation with 

sweet almond oil 

Increased survival 

rate  

Siginificant reduction in 

mortality 

 

Turkez and 

Togar, 2012  

 

Experimental 

(rats) 

*****LNE (200 

mg kg1 injected 

IP) 

 

LNE suppressed the 

genetic damage by 

ALP to bone marrow 

cells in vivo and 

reduced ALP-caused 

oxidative damage. 

The protective effect of LNE 

might be ascribable to its 

antioxidant and free radical 

scavenging properties. 

Ibegbu et al, 

2013 

 

Experimental 

(rats) 

Vitamin E Reduced the toxic 

effect on the liver  

Ability of vitamin E to 

ameliorate or inhibit the action 

of phostoxin could be due to 

removing the ROS via very rapid 

electron transfer chain that 

inhibited lipid peroxidation 

Baghaei et al, 

2014 

Experimental 

(rats) 

******* 

IMOD 

IMOD ameliorated 

the ALP- disturbed 

cardiovascular 

parameters such as 

bradycardia and 

hypotension  

IMOD protects cardiovascular 

system, prevents oxidative stress 

and restores cellular ATP reserve 

Kazemifar et 

al, 2014 

Experimental 

(rats) 

******MTH Increased the survival 

rate and 

histopathological 

changes in kidney and 

liver 

MTH may be beneficial in the 

treatment of acute ALP 

poisoning in rats in terms of 

survival rate and histopathologic 

changes in kidney and liver 

*NAC: N-Acetylcysteine; **MDA: Malonyldialdehyde; ***GSH Px: Glutathione peroxidase; ****L-NAME: 

N-omega-nitro-L-arginine methyl ester; *****LNE: Laurusnobilis (L) leaf extract; ****** MTH: Mild 

therapeutic hypothermia; *******IMOD: Multi-Herbal Formulation 
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(87)-colonies were killed by fumigation 

with phosphine gas. The coffee berry 

borer-hypothenemus hampie (ferr)-can be 

well disinfected by fumigation with ALP 

(88). Palm dates are an important crop in 

several countries and ALP as an alternative 

to methyl bromide has been used 

successfully to control carob moth, 

Ectomyelois ceratoniae (zeller) (89, 90). 

To control psocid 

Liposcelisbostrychophila Badonnel as a 

widespread significant insect pest 

(Psocoptera: Liposcelidae) at any 

concentration of phosphine, a combination 

of higher temperature and lower humidity 

provides the shortest fumigation period 

(82). To fumigate sitophilus zeamais 

motsch (coleoptera, curculionidae), high 

concentrations of PH3 paralyzed the insect 

and decreased the respiratory rate (17). 

Studies show the effect of PH3 fumigation 

on sitophilusoryzae (L), as well (91, 92).  

Tribolium castaneum (herbst) (72), 

oryzaephilus surinamensis (L), lasioderma 

serricorne (f.) eggs of plodiainter punctella 

(hǘbner), Cadracautella (Walker) (5), and 

red flour beetles, T. castaneum (1) are the 

other insects controlled with this fumigant. 

The mechanisms of toxicity and resistance 

are not clearly understood; some studies 

used the model organism, Caenorhabditis 

elegans to investigate the effects of 

phosphine on its proposed in-vivo target, 

mitochondria (61, 68, 93). 

 

6. Dose Toxicity: 

Pant and Tripathi showed that ALP killed 

L. Africanus larvae completely at 0.2% 

concentration (4). Dose of 40 mg/kg body 

weight was considered as the lethal dose 

50% (LD50) in Moghadamnia and 

coworkers’ study. Mice affected by the 

dosedied within 15-35 minutes (94). In 

another study, with a high-dose phosphine 

gas (40 mg) there was no recovery in 

blood pressure (BP), while the initial fall 

continued till all the animals died (95). 

Administration of 2 mg/kg of 

intraperitoneal phosphine induced lipid 

peroxidation in rat brain within 15 minutes 

(96). 

Rat oral LD50 has been estimated to be 14 

mg/kg; sub-chronic exposure of mice (4.5 

PPM for 13 weeks) demonstrates 

significant increase in micronucleus 

frequency in bone marrow and spleen 

lymphocytes, as well (97). 

According to a study done in 2011, oral 

LD50 of ALP in male rats was calculated 

to be 11.59 mg/kg.Initially, 15 mg/kg body 

weight of ALP was gavaged and resulted 

in 100% mortality, while after reducing the 

dose to 8 mg/kg, no mortality was seen. 

Thus, doses ranging between 8 and 15 

mg/kg were applied while other variables 

were kept constant (98). 

Muthu  and associates proved that the 

LD50 values of PH3 ranged from 0.22 

mg.hr /L (27°C) to 0.26 mg.hr/L (26.1°C) 

with related exposure periods of 5.2 to 7.4 

hours, respectively, while  it was 0.42 and 

0.49 mg.hr /L with exposure periods of 6.2 

and 8.8 hours, respectively (25). Another 

study demonstrated that the LD50 value of 

phostoxin was 2.20 mg/L for 96h of 

exposure (99). 

 

7. Organ Toxicity: 

Hemodynamic and cardiaceffects.ALP 

caused considerable tachycardia, 

hypotension, electrocardiogram (ECG) 

abnormalities, and finally, marked 

bradycardia (73, 95). It has been indicated 

that after ALP administration, BP and 

heart rate (HR) decrease while R-R 

duration increase (98). Also, in some 

studies performed on animals including 

rats and rabbits, significant reduction of 

hematocrit, platelet count, red blood cell 

count, and hemoglobin concentration of 

phostoxin-treated animals was shown (52, 

75). There was a 5% decrease in 

erythrocytes, hemoglobin, and hematocrit 

in one group of a study after 13 weeks of 

exposure (52).  

Neurotoxic effects.ALP exposure 

enhanced neuronal lipo-peroxidative 

damage with simultaneous changes in the 

antioxidant defense status in some studies, 

having serious effects on the function and 

structure of the central nervous system (14, 

62). Another study on rats proved no 
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phosphine-related changes in the 

functional observational battery, motor 

activity, or neuropathologic assessments 

(50). Also, there was a significant decrease 

in all cytochromes in brain except 

cytochrome b, the levels of which 

remained unchanged (100). 

Renal effects. An increase in serum blood 

urea nitrogen has been detected showing 

renal injury (74). In a study by Newton et 

al, kidney weights increased and 

coagulative necrosis of the tubular 

epithelium in the outer cortex was seen in 

some rats with intensive effects in females 

compared to males (52). In addition, in 

another investigation on rabbits, the 

phostoxin-intoxicated animals manifested 

degenerative changes in their kidneys (75). 

It has been suggested that PH3-caused 

oxidative stress might be related to its 

nephrotoxic effects (65). 

Liver effects. Significant decrease in 

peroxidation of unsaturated fatty acids and 

the activity of cytochrome oxidase was 

seen (66%) which suggested that there was 

a decrease in the catalytic efficiency of the 

active oxidase molecules on ALP-treated 

animals (23). Phosphine inhalation caused 

a significant decrease in GSH 

concentration as well as 19–25% elevation 

in lipid peroxidation and 39% increase of 

8-hydroxydeoxy guanosin in DNA of the 

liver (96). There was a notable dose-

related increase in the activity of serum 

alkaline-phosphatase (ALP) in rats after 

subchronic exposure to phosphine (74) and 

phosphine toxicity inhibited respiration in 

rat liver mitochondria (65). 

Significant biologically relevant increases 

in serum activity of alanine 

aminotransferase (ALT) and sorbitol 

dehydrogenase were observed at 10-PPM 

ALP exposure. All mice were killed after 

three exposures to 10 PPM of ALP and 

half of them had minimal to mild sub-

capsular foci of hemorrhage and necrosis 

in the liver tissue (56). It has been proved 

that ALP induces cellular energy deficit 

which leads to compromised energy status 

of liver and brain coupled with significant 

changes in glucose homeostasis (20). 

 

8. Uncommon features: 

Food absorption, body weight gain, food 

and protein efficiency ratio, nitrogen 

absorption, biological value, net protein 

use and dry matter digestibility decreased 

in rats exposed to ALP (101). Ataxia, 

nervousness, anemia, and infections of 

varying severity were observed in another 

study (26). In another study on horses, 

clinical findings including profuse 

sweating, tachycardia, tachypnea, pyrexia, 

ataxia, seizures, and widespread muscle 

tremors were detected (58). ALP was 

found to induce genotoxic damage in the 

rat bone marrow cells (70).  

In some studies (26, 55, 102), comparison 

between control and treated animals did 

not show any particular effect of 

phosphine at first, but did with passing 

time indicating a certain degree of aging in 

the animals. Rate of tumor development 

did not prove any toxic effects in 

phostoxin-treated animals (55). It is 

supposed that exposure to 5 PPM of PH3 

by inhalation does not induce significant 

lethality in male mouse germ cells (54). 

Also, in another study after 15-PPM 

exposure, the animals just appeared 

lethargic and their breathing was shallow 

(55). 

Horses affected by ALP experienced 

hypoglycemia (22 mg of glucose/dL of 

serum; reference limits, 58 to 134 mg/dL) 

and high serum lactate concentration (> 

150 mg/dL; reference limits, 0.36 to 18.4 

mg/dL) (58). The pathological findings 

included ecchymotic hemorrhages on the 

parietal pleura, pulmonary edema, hepatic 

lipidosis, hyperemia of the gastrointestinal 

mucosa, and lung, kidney, and spleen 

congestion. It is believed that inhibitory 

effects of ALP on cellular respiration and 

possibly lipoperoxidative damage due to 

an increase in the generation of oxygen 

free radicals leads to these abnormalities 

(58, 103, 104). 

 

9. Dangers of use of fumigants: 

Williams and Corrigan believe fumigants 

are commonly useless due to difficulty in 
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locating the material to animal burrows, 

open and well-ventilated structure, and 

complexity of burrows (51). On the other 

hand, it seems that fumigation is much 

more expensive than baiting or other ways 

for killing pests (105); when the material is 

placed in the animals’ deep burrows, 

fumigation has the greatest effectiveness in 

spite of placing in the surface of the 

runways (106). Some researchers do not 

recommend fumigation as the first step to 

control large numbers of prairie dogs 

because it is expensive, time-consuming, 

and usually more dangerous to desirable 

wildlife species than toxic baits (107). It 

has been shown that ALP is not very 

successful in controlling pocket gophers 

because either gophers sense the poisonous 

gas and plug the tunnel or the fumigants 

diffuse into the soil, especially when it is 

dry (108). 

 

10. Toxicity Management: 

In a study by Moghadamnia and 

colleagues, male siri albino rats were used 

to show the effects of different treatments 

on ALP-poisoned rats. Sodium selenite 

had no effect on mortality rate and time of 

death; but, it would improve the pathologic 

findings such as lung and liver 

complications. N-acetylcysteine (NAC) 

delayed death and caused a definite 

improvement in liver complications. On 

the other hand, vitamin C delayed death 

while magnesium sulfate did not change 

the survival rate in ALP-poisoned rats. It is 

therefore recommended that NAC and 

vitamin C are immediately initiated after 

ALP poisoning and subsequent liver 

functional and biochemical tests are 

performed afterwards (94). 

Several researches have shown that a high 

basal phosphatidyl ethanolamine 

plasmalogen (PlsEtn) or the capacity to 

synthesize new ethanolamine lipids 

(particularly PlsEtn) may protect against 

PH3 toxicity (62). This is while some 

results demonstrate that endogenous GSH 

has a key role in protecting against PH3-

induced lipid peroxidation in rat lungs (64, 

65).  

Hsu and associates examined phosphine 

toxicity and protective effect of melatonin 

on male Wistar rats (with mean weight of 

250±30 g). The effects of PH3 on GSH 

and GSH disulfide (GSSG) levels are 

closely paralleled by the increase in lipid 

peroxidation of brain (42%), lung (32%), 

and liver (25%) and melatonin, vitamin C, 

and beta-carotene abolished these effects. 

In conclusion, the antioxidants reduce 

PH3-induced oxidative damage with an 

effectiveness order of melatonin> vitamin 

C ≥ beta-carotene (96). 

On an overall basis, the most effective 

antioxidant-melatonin-limits GSH 

depletion, GSSG formation, lipid 

peroxidation, and 8-OH-dGuo formation in 

phosphine-treated rats tissues (60, 64, 109-

113). Male Wistar rats weighting 250±30 g 

were used to evaluate oxidative toxicity of 

phosphine in kidney and heart in another 

study. Melatonin was used because of its 

potency as scavenger of free radicals and 

stimulant of other antioxidant activity (65, 

114) . It also penetrates biological barriers 

and gains access to every subcellular 

compartment (65, 115) . 

A preliminary study on rats found that 

cholinesterase inhibition caused by ALP 

poisoning responded to treatment with 

atropine and pralidoxime (PAM). In the 

abovementioned research, 45 Wistar rats 

were divided into three groups. Fifteen rats 

were treated with atropine (1mg/kg) and 

PAM (5mg/kg) intraperitoneally five 

minutes after intragastric administration of 

ALP. Atropine and PAM treatment 

increased the survival time in 9 out of 15 

rats and resulted in complete improvement 

in the remainder. Also, plasma 

cholinesterase levels were inhibited in 

ALP-treated animals as compared to the 

control group (27). Additionally, the 

muscarinic acetylcholine antagonist- 

atropine-protects rats against phosphine 

exposure suggesting acetylcholine 

signaling (as a regulator of the 

parasympathetic nervous system in 

mammals and an activator of the metabolic 

pathways) is an key role of phosphine 

toxicity (27, 67). To improve the survival 
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rate, we can apply oral sweet almond oil, 

especially immediately after poisoning 

with ALP. Adult Wistar rats (n=35) 

weighing 200 to 250 g were divided into 

four groups. Group 3 and 4 were treated 

with sweet almond oil immediately and 30 

minutes after ALP ingestion, respectively; 

the results demonstrated that intragastric 

sweet almond oil could increase survival 

time of animals exposed to ALP (110). 

Hyperbaric oxygenation (HBO) may not 

decrease the mortality rate but may 

probably improve the survival time of the 

intoxicated rats with ALP. To prove this, 

Wistar rats with weighting 150 to 250 g 

were examined by Saidi and colleagues. 

Their results revealed that HBO therapy 

might increase survival in ALP-intoxicated 

rats; but, there was no significant 

difference between pure O2 and 

compressed air. In addition, after HBO 

treatment process, a higher mortality rate 

in ALP toxicity compared to other 

intoxications indicates that the mechanism 

of action of ALP may be more complex 

that just simply inhibiting cytochrome 

oxidase (116). 

Interestingly, NAC increases the survival 

time by reducing myocardial oxidative 

injury whereas N-omega-nitro-L-arginine 

methyl ester (L-NAME) has shown no 

such protective effects. The rats (200-250 

g) were examined to investigate the 

protective effects of NAC and L-NAME in 

ALP poisoning. ALP toxicity induced 

significant hemodynamic and biochemical 

changes which decreased the survival rate. 

NAC infusion (6.25 mg/kg/min IV for 30 

minutes) caused no important 

hemodynamic and biochemical changes; 

but, pre-and post-treatment with NAC 

increased the survival time, stabilized BP, 

HR, and ECG. Decreased MDA and 

increased glutathione peroxidase (GSH px) 

level compared to ALP group was 

observed (73). 

Infusion of L- NAME (1mg/kg/min IV for 

60 minutes) caused significant rise in BP, 

but precipitated ECG abnormalities (114, 

117). Pre- and post-treatments with L-

NAME did not improve the survival time 

and the biochemical parameters despite 

significant rise in BP. Co-administration of 

both drugs worsened hemodynamic and 

biochemical parameters and reduced 

survival time (73). Other researchers 

observed that Laurusnobilis (L) leaf 

extract (LNE) suppressed ALP-induced 

genetic damage to bone marrow cells in 

male eight-week-old Sprague–Dawley rats 

weighing 180 to200 g. Interestingly, LNE 

strongly reduced ALP-induced oxidative 

stress. The plant, thereby, was introduced 

as a prospective source of natural 

metabolites which could be precursors of 

effective, preventive, or protective 

treatments against ALP toxicity (70). 

In a study on cardiovascular toxicity of 

ALP, magnetic magnesium nano-carrier 

(25 Mg PMC16) improved ALP-induced 

toxicity and cardiac failure. A total of 54 

male Wistar rats weighing 200 to250 g 

were used in this study. The results 

showed that oral LD50 of ALP in male rats 

was 11.59 mg/kg. Therefore, 0.25 of LD50 

dose of ALP was used as the test dose in 

the study. It was revealed that 

25MgPMC16 had a marked benefit in ALP 

toxicity by reducing the oxidative stress 

and increasing BP and HR (98). 

Although there is not any specific antidote 

for phosphine toxicity, supportive care 

including frequent emesis during the early 

stages of the treatment increases the 

survival (58-60). The report on horses 

treated by gastric lavage and further 

nasogastric use of di-tri-octahedral 

smectite confirms this. In addition, 

supportive care including IV fluid 

administration maintains enough hydration 

and normal blood pressure. The IV 

administration of dextrose and corn syrup 

is used to maintain blood glucose 

concentrations within reference limits, as 

well. Phenobarbital (0.003 mg/kg in a 500-

mL bolus of physiologic saline (0.9% 

NaCl) solution) was intravenously used to 

prevent seizures; atropine (0.01 to 0.07 

mg/kg (IV) and 0.02 to 0.14 mg/kg 

(subcutaneous)), lactated ringer’s solution 

(10 to 25 L, IV), and sedatives such as 
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xylazine (0.4 to 0.8 mg/kg, IV) have been 

administered to treat horses (58). 

An experimental study on rats was done to 

evaluate if the survival rate and 

histopathology of liver and kidney 

improved after using mild therapeutic 

hypothermia (MTH). Male Sprague-

Dawley rats were randomly divided into 

four groups. The first and the second group 

received only the vehicle of ALP and no 

drug, respectively. The third and the fourth 

groups were given ALP with LD50 dose. 

During the study (24 hours), the core body 

temperature of animals in the fourth group 

was kept in the 32 to 35 degrees centigrade 

range. Mean survival time in group 3 was 

9.1 hours while it was 18.1 in group 4 

(118).  

Effects of vitamin E, as an antioxidant, on 

phostoxin-induced changes in the liver and 

haemato-biochemical parameters in Wistar 

rats were studied in 2013. Thirty adult 

Wistar rats with the average weight of 140 

g of both genders were divided into six 

groups. Phostoxin was given through 

inhalation and oral vitamin E was 

administered at 800mg/kg body weight for 

animals in groups 2, 3 and 6. Body weight 

of the rats increased which could be due to 

increase in the rats’ appetite. On the other 

hand, this study showed significant 

increases in biochemical parameters 

including aspartate transaminase (AST) 

and ALT levels in the serum of phostoxin-

treated rats when compared to the controls. 

Vitamin E administration reduced the toxic 

effects on the liver which suggested the 

ability of vitamin E to ameliorate or inhibit 

the action of phostoxin (83). This effect 

could be because of removal of the ROS 

via very rapid electron transfer chain that 

inhibited lipid peroxidation (119, 120).  

 In a study on the rat model of ALP 

poisoning, the point was to investigate the 

oxygen free radical generation, 

methemoglobinemia and effect of 

methylene blue (MB) treatment on the 

survival time of  those animals. Albino rats 

of either sex (150 to 200 g) were divided 

into two groups and ALP(50 mg/kg, 

intragastric) was used in one group while 

the other one received ALP+ methylene 

blue (0.1%, 1mg/kg/5min, IV). The results 

showed that MDA and methemoglobin 

(MeHb) levels increased during the study 

suggesting that methemoglobinemia could 

be due to increased oxygen free radicals. 

Methylene blue caused a significant fall in 

both parameters and increased survival 

rate. It probably acts as an exogenous 

electron carrier and accelerates 

nicotinamide adenine dinucleotide 

phosphate-oxidase (NADPH)- dependent 

methemoglobin reductase activity (121). 

Positive role of IMOD (a multi-herbal 

formulation containing tanacetumvulgare, 

urticadioica and rosacanina extracts 

enriched by selenium, urea, and 

electromagnetic field) was proved in ALP-

poisoned rats which could be due to 

protection of cardiovascular system, 

prevention of oxidative stress, and 

restoration of cellular ATP reserve. Fifty-

four male Wistar rats weighing between 

200 and 220 g were divided into nine 

groups and received IMOD at doses of 13, 

20 and 30 mg/kg intraperitoneally 30 

minutes after intragastric gavage of ALP 

(0.25 of LD50). ALP ingestion caused 

significant disturbance in cardiovascular 

system while using IMOD normalized 

these adverse effects (122). 

 

11. Cautions: 

ALP should be handled cautiously. 

Attention should be paid not use ALP in 

any situation that may expose people or 

domestic animals to the gases. Only 

licensed structural pest control operators 

should use ALP near buildings occupied 

by humans, livestock, or pets. Because of 

its inherent potential hazards (18, 123, 

124), wearing cotton gloves and long-

sleeved shirts during ALP administration 

is also warranted (125). 

 

12. Conclusion: 
Aluminum phosphide is a frequently used 

grain fumigant because of its highly potent 

characteristic, cost effectiveness, and easy 

availability. ALP also acts as an important 

rodenticide which affects the whole 
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environment directly and indirectly. 

Poisoning by phosphine rapidly disturb 

mitochondrial morphology, inhibit 

oxidative respiration, and cause a severe 

drop in mitochondrial membrane potential. 

This failure of cellular respiration is likely 

to be due to inhibition of cytochrome C 

oxidase activity. Phosphine can also form 

the highly reactive hydroxyl radical and 

inhibit both catalase and peroxidase 

leading to lipid peroxidation and reduce 

GSH which is one of the main antioxidant 

defenses. 

Almost all the vital organs are affected in 

case of ALP poisoning. The mortality rate 

is very high because of a number of factors 

including lack of complete understanding 

of its kinetics and mechanism of action 

and, not to forget, a suitable antidote. A 

number of possible treatments have been 

tried or experimented with, but they all 

need further validation (Table 1). 

Meanwhile, preventive measures such as 

limited access to phosphide compounds, 

regulations to ban its use as a pesticide, 

and keeping health professionals abreast 

with the latest knowledge about early 

management of phosphide poisoning might 

help to control the risk of death due to this 

poisoning. 

 

Acknowledgments 

This article is supported by 

Atherosclerosis and Coronary Artery 

Research Center in Birjand University of 

Medical Sciences. It is M.D thesis of the 

first author. 

 

References 
1. Adeyemi HMM, Adebote DA. A 

comparative study of the antifeedant effect 

of BobgunniaMadagascariensis (DESV) 

J.H.Kirkbr&Wiesema. 

(Caesalpiniaceae)plant extracts with a 

standard stporage pesticide. EJEAFChe. 

2010; 9:1559-66. 

2. Naseri M, Zohdi H. Chemical control on 

Nesokiaindica (bandicoot rat) in pistachio 

orchards of Kerman province. Archives of 

Phytopathology and Plant Protection. 

2011;44(10):981-6. 

3. Cleary EC, Craven SR. Thirteen-Lined 

Ground Squirrels: Wildlife Damage 

Management, Internet Center for at 

DigitalCommons@University of Nebraska 

– Lincoln. 1994. 

4. Pant H, Tripathi S. Evaluation of aluminum 

phosphide against wood-destroying insects. 

Economic entomology. 2012;105:135-9. 

5. Valizadegan O, Pourmirza AA, 

Safaralizadeh MH. The impact of carbon 

dioxide in stored-product insect treatment 

with phosphine. African Journal of 

Biotechnology. 2012;6377-82. 

6. Bell CH, Wilson SM. Phosphine tolerance 

and resistance in Trogodermagranarium 

Everts (Coleoptera: Dermestidae). J Stored 

Prod Res. 1995;199-205. 

7. Rajendran SN, Muralidharan N. 

Performance of phosphine in fumigation of 

bagged paddy rice in indoor and outdoor 

stores. J Stored Prod Res. 2001;351-8. 

8. Mehrpour O, Jafarzadeh M, Abdollahi M. 

A systematic review of aluminium 

phosphide poisoning. ArhHig Rada 

Toksikol. 2012;63:61–73. 

9. Mehrpour O, Alfred S, Shadnia S, Keyler 

DE, Soltaninejad K, Chalaki N, et al. 

Hyperglycemia in acute aluminum 

phosphide poisoning as a potential 

prognostic factor. Hum ExpToxicol. 

2008;27:591–5. 

10. Nath NS, Bhattacharya I, Tuck AG, 

Schlipalius DI, Ebert PR. Mechanisms of 

Phosphine Toxicity. Journal of Toxicology. 

2011. 

11. Wilson R, Lovejoy FH, Jaeger RJ, 

Landrigan PL. Acute phosphine poisoning 

aboard a grain freighter: epidemiologic, 

clinical and pathological findings. 

American Medical Association. 

1982;244(2):148-50. 

12. Beerwinkle KR, Devaney JA. Control of 

Northern Fowl Mite on Inanimate Objects 

by Fumigation. poultry science. 

1982;62(1):38-42. 

13. Brautbar N, Howard J. Phosphine toxicity: 

report of two cases and review of the 

literature. Toxicology and Industrial Health. 

2002;18(2):71-5. 

14. Raina D, Gill KD. Aluminium phosphide 

Exposure: Implications on Rat Brain Lipid 

Peroxidation and Antioxidant Defence 

System. Pharmacology& Toxicology. 

2001;89(3):315-9. 



Aluminum Phosphide Poisoning in Animals                                                                     Shakeri  S et al 

International Journal of Medical Toxicology and Forensic Medicine. 2015;5(2)                             93 

15. Danthanarayana W, Fernando SN. A 

Method of Controlling Termite Colonies 

That Live Within Plants. International Pest 

Control. 1970;10-4. 

16. Dua R, Gill KD. Effect of aluminium 

phosphide exposure on kinetic properties of 

cytochrome oxidase and mitochondrial 

energy metabolism in rat brain. 

BiochimicaetBiophysicaActa. 

2004;1674(6):4-11. 

17. Nakakit AH, Saito T, Iyatomi K. Effect of 

phosphine on the respiration of adult 

sztophzluszeamazsmotsch (coleoptera, 

curculionidae). J stored Prod Res. 

1974;10(2):87-92. 

18. Timm RM, Marsh RE, Hygnstrom SE, 

Corrigan SE. Controlling Rats and Mice In 

Swine Facilities. 2004:1-8. 

19. Marsh RE.Editor Current (1994) ground 

squirrel control practices in california. 

Proceedings of the Sixteenth Vertebrate 

Pest Conference. 1994. 

20. Dua R, kumar V, Sunkaria A, Gill KD. 

Altered glucose hemostasis in response to 

aluminium phosphide induced cellular 

oxygen deficit in rat. Indian journal of 

experimental biology. 2010;48(7):722-30. 

21. Klimmer OR. Contribution to the study of 

the action of phosphine (PH3): The 

question of the so-called chronic phosphine 

poisoning. Springer-Verlag reprinted 

translation of “Beitragzurwirkung des 

phosphorwasserstoffes (PH3). Arch 

Toxikol. 1969;24(2):164-87. 

22. Mehrpour O, Dolati M, Soltannejad K, 

Shadnia S, Nazparvar B. Evaluation of 

histopathological changes in fatal 

aluminum phosphide poisoning. Indian J 

Forensic Med Toxicol. 2008;2(22):34-6. 

23. Dua R, Sunkaria A, Kumar V, Gill KD. 

Impaired mitochondrial energy metabolism 

and kinetic properties of cytochrome 

oxidase following acute aluminium 

phosphide exposure in rat liver. Food and 

Chemical Toxicology. 2010;48(1):53-60. 

24. Waritz RS, Brown RM. Acute and subacute 

inhalation toxicities of phosphine, 

phenylphosphine and triphenylphosphine. 

Hyg J. 1975;36(3):452-8. 

25. Muthu M, Krishnakumari MK, Majumder 

SK. A Study on the Acute Inhalation 

Toxicity of Phosphine to Albino Rats. Bull 

EnvironmContamToxico. 1980;24(3):404-

10. 

26. CabrolTelle A-M, Saint Blanquat GDE, 

Derache R, Hollande E, PerwqueT B, 

Thouvenot J-P. Nutritional and 

toxicological effects of long-term ingestion 

of phosphine-fumigated diet by the rat. 

FdChem Toxic. 1985;23(11):1001-9. 

27. Shivani M, Shah Peshin S, Lall SB. 

Cholinesterase inhibition by aluminium 

phosphide poisniong in rats and effects of 

atropine and pralidoxim chloride. 

ActaPharmacol Sin. 2001;22(1):37-9. 

28. Mehrpour O, Aghabiklooei A, Abdollahi 

M, Singh S. Severe Hypoglycemia 

following acute Aluminum Phosphide (Rice 

Tablet) Poisoning; Review of the literature 

on blood glucose level in Aluminum 

Phosphide poisoning. Acta Med Iran. 

2012;50(3):568-71. 

29. Shadnia S, Mehrpour O, Soltaninejad K. A 

simplified acute physiology score in the 

prediction of acute aluminum phosphide 

poisoning outcome. Indian J Med Sci. 

2010;64(12):532–9. 

30. Pask M, Halford JW. Pest control for 

burrowing animals. Google Patents; 2013. 

31. Singh D, Dewan I, Pandey AN, Tyagi S. 

Spectrum of unnatural fatalities in the 

Chandigarh zone of north-west India: A 25 

year autopsy study from a tertiary care 

hospital. J ClintForensic Med. 

2003;10(3):145-52. 

32. Gupta S, Ahlawat SK. Aluminum 

phosphide poisoning: a review. J 

ToxicolClinToxicol. 1995;33(4):19-24. 

33. Gurjar M, Baronia AK, Azim A, Sharma K. 

Managing aluminum phosphide poisonings. 

J Emerg Trauma Shock. 2011;4(4):378-84. 

34. Andelt WF, Hopper SN. Managing 

Wyoming Ground Squirrels. Natural 

Resources Series Wildlife. 2014:1-3. 

35. Marsh RE, editor Reflections on current 

(1992) pocket gopher control in California. 

Proceedings of the Fifteenth Vertebrate Pest 

Conference; 1992. 

36. Proudfoot AT. Aluminium and zinc 

phosphide poisoning. Clinical Toxicology. 

2009;47:89-100. 

37. Ranga GS, Dwivedi S, Agarwal M, Kumar 

D. Aluminium Phosphide Poisoning in a 

Young Adult: A Suicidal 

CardiotoxinSimulating Myocardial 

Ischaemia. J IndAcadClin Med. 

2004;5(3):369-74. 

38. Bajpai SR. Aluminium Phosphide 

Poisoning: Management and Prevention. J 



Shakeri  S et al                                                                     Aluminum Phosphide Poisoning in Animals  

 

94                                International Journal of Medical Toxicology and Forensic Medicine. 2015;5(2) 

Indian Acad Forensic Med. 

2010;32(1):352-4. 

39. Ferrer MI, Alvarez L, Cepero RA. Suicide 

by ingestion of aluminium phosphide: a 

case report. Emergencias. 2009:228-31. 

40. Mehrpour O, Singh S. Rice tablet 

poisoning: a major concern in Iranian 

population. Hum ExpToxicol. 

2010;29(8):701-2. 

41. Moghadamnia AA, Abdollahi M. An 

epidemiological study of 1 poisoning in 

northern Islamic Republic of Iran. East 

Mediterr Health J. 2002;8(1):88-94. 

42. Shadnia S, Soltaninejad K. Spontaneous 

ignition due to intentional acute aluminum 

phosphide poisoning. J Emerg Med. 

2009;40(2):179-81. 

43. Soltaninejad K, Faryadi M, Sardari F. 

Acute pesticide poisoning related deaths in 

Tehran during the period 2003-2004. J 

Forensic Leg Med. 2007;14(6):352-4. 

44. Shadnia S, Sasanian G, Allami P, Hosseini 

A, Ranjbar A, Amini-Shirazi N. A 

retrospective 7-years study of aluminum 

phosphide poisoning in Tehran: 

opportunities for prevention. Hum 

ExpToxicol. 2009;4(28):209-13. 

45. Shadnia S, Mehrpour O, Abdollahi M. 

Unintentional poisoning by phosphine 

released from aluminum phosphide. Hum 

ExpToxicol. 2008;1(27):87-9. 

46. Price NR, Dance SJ. Some biochemical 

aspects of phosphine action and resistance 

in three species of stored product beetles. 

Comp Biochem Physiol. 1983;76(2):277-

81. 

47. Bolter CJ, Chefurka W. Extramitochondrial 

release of hydrogen peroxide for insect and 

mouse liver mitochondria using the 

respiratory inhibitors phosphine, 

myxothiazol and antimycin and spectral 

analysis of inhibited cytochromes. Arch 

BiochemBiophys. 1990;278(1):65-72. 

48. Mehrpour O, Keyler D, Shadnia S. 

Comment on Aluminum and zinc 

phosphide poisoning. ClinToxicol (Phila). 

2009;47(8):838-9. 

49. Mehrpour O, Farzaneh E, Abdollahi M. 

Successful treatment of Aluminum 

phosphide poisoning with Digoxin: A Case 

Report and Review of Literature. Int J 

Pharmacol 2011;7:761-4. 

50. Schaefer GJ, Newton PE, Gruebbel MM, 

Busey WM, Shaheen DG. Acute and 

Subchronic Inhalation Neurotoxicity Of 

Phosphine In The Rat. Inhalation 

Toxicology. 1998:293-320. 

51. Williams DE, Corrigan RM. Chipmunks: 

Wildlife Damage Management, Internet 

Center for at DigitalCommons@University 

of Nebraska – Lincoln. 1994. 

52. Newton PE, Schroeder RE, Sullivan JB, 

Busey WM. Inhalation toxicity of 

phosphine in the rat: Acute, subchronic, and 

developmental. InhalToxicol. 1993:223-39. 

53. Barbosa A, Rosinova E, Dempsey J, Bonin 

AM. Determination of genotoxic and other 

effects in mice following short term 

repeated-dose and subchronic inhalation 

exposure to phosphine. Environ Mol 

Mutagen. 1994;24(2):81-8. 

54. Kligerman AD, Bishop JB, Erexson GL, 

Price HC, O’Connor RW, Morgan DL, et 

al. Cytogenetic and germ cell effects of 

phosphine inhalation by rodents. II: 

Subacute exposures to rats and mice. 

Environ Mol Mutagen. 1994;24(4):301–6. 

55. Kligerman AD, Bryant MF, Doerr CL, 

Erexson GL, Kwanyuen P, McGee JK. 

Cytogenetic effects of phosphine inhalation 

by rodents. I: Acute 6-hour exposure of 

mice. Environmental and Molecular 

Mutagenesis. 1994;23(3):186-9. 

56. Morgan DL, Moorman MP, Elwell MR, 

Wilson RE, Ward SM, Thompson MB, et 

al. Inhalation toxicity of phosphine for 

Fischer 344 rats and B6C3F1 mice. 

InhalToxicol. 1995;7(2):225-38. 

57. Odenkirhcen E, Ullagaddi A, Wente S. A 

Risks of Aluminum and Magnesium 

Phosphides Uses to the Federally 

Threatened Alameda Whipsnake 

(Masticophislateraliseuryxanthus) and 

California Tiger Salamander 

(Ambystomacaliforniense), Central 

California Distinct Population Segment 

And Federally Endangered California Tiger 

Salamander (Ambystomacaliforniense) 

Sonoma County Distinct Population 

Segment and Santa Barbara County Distinct 

Population Segment, San Francisco Garter 

Snake (Thamnophissirtalistetrataenia), and 

San Joaquin Kit Fox 

(Vulpesmacrotismutica). 2010;1-51. 

58. Easterwood L, Chaffin MK, Marsh PS, 

Porter B, Barr C. Phosphine intoxication 

following oral exposure of horses to 

aluminum phosphide treated feed. J Am Vet 

Med Assoc. 2010;236(4):446-50. 

https://www.google.com/search?biw=1280&bih=666&noj=1&q=Extramitochondrial+release+of+hydrogen+peroxide+for+insect+and+mouse+liver+mitochondria+using+the+respiratory+inhibitors+phosphine,+myxothiazol+and+antimycin+and+spectral+analysis+of+inhibited+cytochromes&spell=1&sa=X&ei=J7y_VLKlHZHgaOm4gsgL&ved=0CBsQBSgA
https://www.google.com/search?biw=1280&bih=666&noj=1&q=Extramitochondrial+release+of+hydrogen+peroxide+for+insect+and+mouse+liver+mitochondria+using+the+respiratory+inhibitors+phosphine,+myxothiazol+and+antimycin+and+spectral+analysis+of+inhibited+cytochromes&spell=1&sa=X&ei=J7y_VLKlHZHgaOm4gsgL&ved=0CBsQBSgA
https://www.google.com/search?biw=1280&bih=666&noj=1&q=Extramitochondrial+release+of+hydrogen+peroxide+for+insect+and+mouse+liver+mitochondria+using+the+respiratory+inhibitors+phosphine,+myxothiazol+and+antimycin+and+spectral+analysis+of+inhibited+cytochromes&spell=1&sa=X&ei=J7y_VLKlHZHgaOm4gsgL&ved=0CBsQBSgA
https://www.google.com/search?biw=1280&bih=666&noj=1&q=Extramitochondrial+release+of+hydrogen+peroxide+for+insect+and+mouse+liver+mitochondria+using+the+respiratory+inhibitors+phosphine,+myxothiazol+and+antimycin+and+spectral+analysis+of+inhibited+cytochromes&spell=1&sa=X&ei=J7y_VLKlHZHgaOm4gsgL&ved=0CBsQBSgA
https://www.google.com/search?biw=1280&bih=666&noj=1&q=Extramitochondrial+release+of+hydrogen+peroxide+for+insect+and+mouse+liver+mitochondria+using+the+respiratory+inhibitors+phosphine,+myxothiazol+and+antimycin+and+spectral+analysis+of+inhibited+cytochromes&spell=1&sa=X&ei=J7y_VLKlHZHgaOm4gsgL&ved=0CBsQBSgA
https://www.google.com/search?biw=1280&bih=666&noj=1&q=Extramitochondrial+release+of+hydrogen+peroxide+for+insect+and+mouse+liver+mitochondria+using+the+respiratory+inhibitors+phosphine,+myxothiazol+and+antimycin+and+spectral+analysis+of+inhibited+cytochromes&spell=1&sa=X&ei=J7y_VLKlHZHgaOm4gsgL&ved=0CBsQBSgA


Aluminum Phosphide Poisoning in Animals                                                                     Shakeri  S et al 

International Journal of Medical Toxicology and Forensic Medicine. 2015;5(2)                             95 

59. Singh S, Singh D, Wig N. Aluminum 

phosphide ingestion—a clinico-pathologic 

study. J ToxicolClinToxicol. 

1996;34(1):703-6. 

60. Chemical emergency preparedness and 

prevention [Internet]. US Environmental 

Protection Agency. 2006. 

61. Cha’on U, Valmas N, Collins PJ, Reilly 

PB, Hammock BD, Ebert PR. Disruption of 

Iron Homeostasis Increases Phosphine 

Toxicity in Caenorhabditiselegans. 

Toxicological Sciences. 2007;96(3):194-

201. 

62. Kuczynski B, Reo NV. Evidence that 

Plasmalogen is Protective against Oxidative 

Stress in the Rat Brain Neurochem Res. 

2006;31(2):639-56. 

63. Quistad GB, Sparks SE, Casida JE. 

Chemical model for phosphine-induced 

lipid peroxidation. Pest Manag Sci. 

2000;56(3):779-83. 

64. Hsu C-H, Chi B-C, Casida JE. Melatonin 

reduces phosphine-induced lipid and DNA 

oxidation in vitro and in vivo in rat brain. J 

Pineal Res. 2002;32(1):53-8. 

65. Hsu C-H, Chi B-C, Liu M-Y, Li J-H, Chen 

C-J, Chen R-Y. Phosphine-induced 

oxidative damage in rats: role of 

glutathione. Toxicology. 2002;179(1-2):1-

8. 

66. Solgi R, Abdollahi M. Proposing an 

antidote for poisonous phosphine in view of 

mitochondrial electrochemistry facts. 

Journal of Medical Hypotheses and Ideas. 

2012;6(1):32-4. 

67. MittraS, Shah Peshin S, Lall SB. 

Cholinesterase inhibition by ALP 

poisioning in rats and effects of atropine 

and pralidoxime chloride. ActaPharmacol 

Sin. 2001;22(1):37-9. 

68. Zuryn S, Kuang J, Ebert P. Mitochondrial 

Modulation of Phosphine Toxicity and 

Resistance in Caenorhabditiselegans. 

Toxicological Sciences. 2008;102(1):179-

86. 

69. Valmasa N, Zuryna S, Ebert PR. 

Mitochondrial uncouplers act 

synergistically with the fumigant phosphine 

to disrupt mitochondrial membrane 

potential and cause cell death. Toxicology. 

2008;252(1-3):33-9. 

70. Turkez H, Togar B. Aluminum phosphide-

induced genetic and oxidative damages in 

rats attenuation by Laurusnobilis leaf 

extract. Toxicology and Industrial Health. 

2012;29(7):579-83. 

71. Hsu C-H, Quistad GB, Caisda JE. 

Phosphine-induced oxidative stress in hepa 

1c1c7 cells. Toxicological sciences. 

1998;46(1):204-10. 

72. Hobbs SK, Bond EJ. Response of 

triboliumcastaneum (herbst) (coleoptera: 

tenebrionidae) to sublethal treatments with 

phosphine. J stored Prod Res. 

1989;25(3):137-46. 

73. Azad A, Lall SB, Mittra S. Effect of N-

acetylcystein and L- NAME on aluminium 

phosphide induced cardiovascular toxicity 

in rats. Actapharmacol sin. 2001;22(4):298-

304. 

74. Hamdan H, Bonin AM. Effects of 

phosphine inhalation on biochemical and 

genotoxic endpoints in rodents. 1999. 

75. Okolie NP, Aligbe JU, Osakue EE. 

Phostoxin-induced biochemical and 

pathomorphological changes in rabbits. 

Indian journal of experimental biology. 

2004;42(11):1096-9. 

76. Snider C. Use of Aluminum Phosphide 

Fumigants for Burrowing Rodent Control. 

Research Products Company. 1983. 

77. Richards CGJ. Methods for the control of 

mole-rats Spalaxleucodon in Northern 

Syria. Tropical Pest Management. 

1982;28(1):37-41. 

78. Jobsen JA, Uilenreef HE. The Control of 

Mole, Water Vole and Muskrat with 

Phosphine. Bulletin OEPPIEPPO Bulletin. 

1985;15(1):71-5. 

79. Proulx G, Mackenzie N, MacKenzie K, 

Walsh K. Efficacy of aluminum phosphide 

tablets to control Richardson’s ground 

squirrel (Spermophilusrichardsonii) 

populations in southern Saskatchewan, 

Canada. Crop Protection. 2011;30(8):1039-

42. 

80. Yokoyama VY, Miller GT, Hartsell P, Eli 

T. On-Site Confirmatory Test, Film 

Wrapped Bales, and Shipping Conditions of 

a Multiple Quarantine Treatment to Control 

Hessian Fly (Diptera: Cecidomyiidae) in 

Compressed Hay. Journal of economic 

entomology. 1999;92(1):1206-11. 

81. Burley JW, editor Advances in the 

integrated control of the european rabbit in 

south Australia. Proceedings of the Twenth 

Vertebrate Pest Conference. 1986. 

82. Nayak MK, Collins PJ. Influence of 

concentration, temperature and humidity on 



Shakeri  S et al                                                                     Aluminum Phosphide Poisoning in Animals  

 

96                                International Journal of Medical Toxicology and Forensic Medicine. 2015;5(2) 

the toxicity of phosphine to the strongly 

phosphine-resistant 

psocidLiposcelisbostrychophilaBadonnel 

(Psocoptera: Liposcelididae). Pest Manag 

Sci. 2008;64(9):971-6. 

83. Ibegbu AO, Alatise HT, Olaniyi BA, 

Samnan DJ, Emmanuel UU, Oliver HW, et 

al. Effects of Vitamin E on Phostoxin-

Induced Changes in the Liver and 

Biochemical Parameters of Adult Wistar 

Rats J BiolEnviron Sci. 2013;7(21):121-9. 

84. Subba Rao PV, Subramaniam TR, 

Abraham EV. Control of the Red Palm 

Weevil On Coconut. Brtitish library. 

1973:26-7. 

85. Murphy ST, Briscoe BR. The red palm 

weevil as an alien invasive: biology and the 

prospects for biological control as a 

component of IPM. Biocontrol News and 

Information. 1999;20(1):35-46. 

86. Mutiah C, Radhakrishnan Nair CP. 

Bionomics and managements of red palm 

weevil on coconut. Inndian coconut journal. 

2006;37(6):12-6. 

87. Oldroyd BP, Thexton EG, Lawler SH, 

CrozierRH. Population demography of 

Australian feral bees (Apismellifera). 

Oecologia. 1997;111(3):381-7. 

88. Morralo-Rejesus B, Baldos EP, Tcjada 

AM. Evaluation of insecticides against 

coffee berry borer and its residues in 

processed coffee. PhilippEnt. 

1981;4(5):415-33. 

89. Mills KA, Wontner-smith TJ, Cardwell SC, 

Bell CH, editors. The use of phosphine as 

an alternative to methyl bromide for the 

disinfection of palm dates. Proceeding of 

the 8th international working conference on 

stored product protection; 2002. 

90. El-Mohandes MA. Methyl Bromide 

Alternatives for Dates Disinfestations.  IV 

International Date Palm Conference: Acta 

Hort. 2010;555-62. 

91. Beckett SJ, Darby JA, Forrester RIL. The 

effect of diurnally interrupted doses of 

phosphine over four days on egg mortality 

of susceptible and resistant strains of 

Sitophilus oryzae (L). Journal of Stored 

Products Research. 2010;46(1):59-65. 

92. Daglish GJ, Collins PJ, Pavic H, Kopittke 

RA. Effects of time and concentration on 

mortality of phosphine-resistant Sitophilus 

oryzae (L) fumigated with phosphine. Pest 

Management Science. 2002;58(10):1015–

21. 

93. Valmas N, Ebert PR. Comparative Toxicity 

of Fumigants and a Phosphine Synergist 

Using a Novel Containment Chamber for 

the Safe Generation of Concentrated 

Phosphine Gas. Comparative Fumigant 

Toxicity. 2006:1-6. 

94. Moghadamnia AA, Firouzchahi AR, 

JavadianSh, Dibavand N. Aluminium 

phosphide toxicity and treatment in syrian 

mice. 2000;4(1):25-33. 

95. Lall SB, Sinha K, Mittra S, Seth SD. An 

experimental study on cardiotoxicity of 

aluminium phosphide. Indian J ExpBiol 

1997;35(1):1060-4. 

96. Hsu C-H, Chi B-C, Liu M-Y, Yeh CY, 

Casida JE. Phosphine-induced oxidative 

damage in rats: attenuation by melatonin. 

Free Radical Biology & Medicine. 

2000;28(4):636–42. 

97. Barbosa A, Bonin AM. Evaluation of 

phosphine genotoxicity at occupational 

levels of exposure in New South Wales, 

Australia. Occup Environ Med. 

1994;51(10):700-5. 

98. Baeeri M, Shariatpanahi M, Baghaei A, 

Ghasemi-Niri SF, Mohammadi HR, 

Mohammadirad A, et al. On the benefit of 

magnetic magnesium nanocarrier in 

cardiovascular toxicity of aluminum 

phosphide. Toxicology and Industrial 

Health. 2013;29(2):126-35. 

99. Aderolu AZ, Ayoola SO, Agwu KI. Effects 

of acute and sub-lethal concentrations of 

phostoxin on weight changes and 

haematology parameters of 

ClariasGariepinus. Environmental 

Extension. 2008;7:72-7. 

100. Anand R, Kumari P, Kaushal A, Bal A, 

Wani WY, Sunkaria A, et al. Effect of acute 

aluminum phosphide exposure on rats—A 

biochemical and histological correlation. 

Toxicology Letters. 2012;215(1):62-9. 

101. Jood S, Kapoor AC. Biological 

evaluation of protein quality of wheat as 

affected by insect infestation. Food 

Chemistry. 1992;45(3):169-74. 

102. Chaudhry MQ. A review of the 

mechanisms involved in the action of 

phosphine as an insecticide and phosphine 

resistance in stored-product insects. Pestic 

Sci. 1997;49(1): 213–28. 

103. Drolet R, Laverty S, Braselton WE. Zinc 

phosphide poisoning in a horse. Equine Vet 

J. 1996;28(2):161-2. 



Aluminum Phosphide Poisoning in Animals                                                                     Shakeri  S et al 

International Journal of Medical Toxicology and Forensic Medicine. 2015;5(2)                             97 

104. Campbell DL. Mountain Beavers: 

Wildlife Damage Management, Internet 

Center for at DigitalCommons@University 

of Nebraska - Lincoln; 1994. 

105. Rulofson FC, Test P, Edge WD. 

Controlling Ground Squirrel Damage to 

Forages and Field Crops, Ditches, and 

Dams. Oregon State University. 1993. 

106. Henderson FR. Moles: Wildlife Damage 

Management, Internet Center for at 

DigitalCommons@University of Nebraska 

- Lincoln; 1994. 

107. Hygnstrom SE, Virchow DR. Prairie 

Dogs:Wildlife Damage Management, 

Internet Center for at 

DigitalCommons@University of Nebraska 

- Lincoln; 1994. 

108. Andelt WF, Case MR. Managing Pocket 

Gophers. Natural Resources Series. 2006. 

109. Pieri C, Marra M, Moroni F, Recchioni 

R, Marcheselli F. Melatonin: A peroxyl 

radical scavenger more effective than 

vitamin E. Life Sci. 1994;55(15):271-6. 

110. Saidi H, Shojaie S. Effect of sweet 

almond oil on survival rate and plasma 

cholinesterase activity of aluminum 

phosphide-intoxicated rats. Human and 

Experimental Toxicology. 2012;3(5):518–

22. 

111. Melchiorri D, Reiter RJ, Attia AM, Hara 

M, Burgos A, Nistico G. Potent protective 

effect of melatonin on in vivo paraquat 

induced oxidative damage in rats. Life Sci. 

1995;56(1):83-8. 

112. Tang L, Reiter RJ, Li ZR, Ortiz GG, Yu 

BP, Garcia JJ. Melatonin reduces the 

increase in 8-hydroxydeoxyguanosine 

Levels in the brain and liver of kainic acid-

treated rats. MolecCell Biochem. 

1998;178(1-2):299-303. 

113. Yamamoto HA, Tang HW. Preventive 

effect of melatonin against cyanide-induced 

seizures and lipid peroxidation in mice. 

Neurosci Lett. 1996;207(2):89-92. 

114. Jain SM, Bharani A, Sepaha GC, 

Sanghavi VC, Raman PC. ECG changes in 

ALP pisioning. J Assocphysicians India. 

1985;33(2):406-9. 

115. Mene´ndez-Pela´ez A, Poeggeler B, 

Reiter RJ, Barlow-Walden L, Pablos MI, 

Tan D-X. Nuclear localization of melatonin 

in different mammalian tissues: immune-

cytochemical and radioimmunoassay 

evidence. J Cell Biochem. 1993;53(1):373-

82. 

116. Saidi H, Shokraneh F, Ghafouri HB, 

Shojaie S. Effects of hyperbaric 

oxygenation on survival time of aluminum 

phosphide intoxicated rats. J Res Med Sci. 

2011;16(10):1306-12. 

117. Katira R, Enhance GP, Malhotra KC. A 

study of ALP poisioning with special 

refrence to ECG changes. J Assoc 

physicians India. 1990;38(1):471-3. 

118. Kazemifar AM, Abbasi E, Bazahang P, 

lotfizadeh M, Mirjalili SMM, Solhi H. 

Induction of mild therapeutic hypothermia 

in treatment of aluminium phosphide 

poisoning; an experimental study. Toxicol 

Res. 2014;3(1):50-5. 

119. Alessico HM, Blasi ER. Physical activity 

as a natural antioxidant booster and its 

effect on a healthy lifestyle. 

ResQExercSport. 1997;68(4):292-302. 

120. Saleki S, Ardalan FA, Javidan-Nejad A. 

Liver histopathology of fatal phosphine 

poisoning. Forensic Sci Int. 2007;166(2-

3):190-3. 

121. Lall SB, Shah Peshin S, Mittra s. 

Methemoglobinemia in aluminium 

phosphide poisoning in rats. Indian journal 

of experimental  biology. 2000;38:95-7. 

122. Baghaei A, Hajimohammadi N, Baeeri 

M, Mohmmadirad A, Hassani S, Abdollahi 

M. On the protection of ALP cardiovascular 

toxicity by a Novel mixed herbal medicine; 

Role of oxidative stress and cellular ATP. 

Asian J AnimVet adv. 2014;9(5):302-11. 

123. Virchow DR, Hygnstrom SE. G92-1110 

the Thirteen-Lined Ground Squirrel: 

Controlling Damage Digital 

Commons@University of Nebraska – 

Lincoln.1992. 

124. Timm RM. Norway Rats: Norway Rats: 

Wildlife Damage Management, Internet 

Center for at DigitalCommons@University 

of Nebraska – Lincoln; 1994. 

125. Reiter RJ. Oxidative damage in the 

central nervous system: protection by 

melatonin. ProgNeurobiol. 1998;56(3):359–

84. 

 


